The Helium/Neon Ion Microscope (HIM/NIM) has become a powerful tool for ultra-high-resolution imaging and nanofabrication. However, unlike the scanning electron microscope (SEM), there is a lack of analytical capabilities on the HIM/NIM which can exploit this extreme resolution. Secondary Ion Mass Spectrometry (SIMS) is a powerful tool for trace element and isotope analysis which is highly surface sensitive and can reach lateral resolutions of up to 50nm with a traditional beam chemistry. There have been large strides in developing the SIMS technique on the HIM/NIM [1]. Here we use the Ne beam of the ZEISS ORION FIB as a primary beam for microanalysis with an attached magnetic sector SIMS detector. This yields lateral resolutions limited only by fundamental probe-matter interaction, down to sub 10nm [2].
Meteorite impacts occur throughout the geological record, however, the destruction of craters and impactors by Earth surface processes has hindered their study. The nature of impactors can be uniquely identified using inter-element platinum group element (PGE) ratios [3] . This has typically been based on inductively coupled plasma mass spectrometry (ICP-MS) of bulk rock samples following a preconcentration step, which is necessarily devoid of spatial context and requires large sample sizes of several grams [4] . Here we address the twin problems of context free analysis and analysis of small volumes through the application of neon-focused-ion-beam-secondary-ion-mass-spectrometry (Ne-FIB-SIMS) to an ejecta blanket deposit. This reveals both the first measurements of a Chondrite-like parent body for which the breakup age must predate 1.177Ga and the first contextualized measurements of PGE concentrations taken directly from the extraterrestrial phase itself.
The Stac Fada deposit, an ejecta blanket deposit in NW Scotland, contains abundant impact lapilli, round agglomeration of grains thought to form within the ejecta blanket, falling out as the cloud energy dissipates in the same way as volcanic lapilli. Traditionally, bulk samples of this rock would be used to extract low level (ppb) enrichment of the PGEs through the methods outlined above. Here we use a correlative microscopy approach to measure the concentration and interelement ratios of the PGEs by direct microanalysis of the extraterrestrial phase ( Figure 1 ).
We identify the meteoritic component carrier phase from chemical and backscatter electron images from the SEM and target these using the Ne-FIB-SIMS. The high spatial resolution (sub 10nm) and high sensitivity of the Orion SIMS allows us to directly image PGE micronuggets within this intergranular phase (Figure 1e ). Using two standards to account for the matrix effect (the NIST 610 glass and the Bonn Sulfide II), we quantify the concentrations and inter-element ratios of the PGEs using a 'useful yield' approach. Using the volume fraction of the samples which are composed of this PGE enriched phase from the large field of view microscopy, we show that the entire PGE budget of the samples can be explained using this phase, which is enriched by up to four orders of magnitude relative to the continental crust.
Both the CI (solar abundance) normalised concentrations and the interelement ratios of the PGEs demonstrate that the impactor came from a chondritic parent body, whilst the interelement ratios identify it as a previously undescribed body. This methodology also opens the door for more detailed direct study of PGE concentration and distribution within PGE ore deposits [5] . showing iron rich magnetite grains as well as a low-level iron enrichment between the mineral grains of the lapilli rim. d) Ne-SIMS rastered ion microprobe mapping at mass 56, Fe, showing the low-level iron enrichment between grains in the lapilli rim. e) Ne-SIMS rastered ion microprobe mapping at mass 103, Rh. The Rh micronuggets can be directly correlated to the iron rich regions in d) which can be spatially located to the interstitial matrix material between fine mineral grains within the accretionary lapilli rims. Multiple maps from the same regions are used for quantification.
